A species of Cordyceps sensu lato associated with an adult of Tettigonia was collected in Chishui Danxia natural world heritage site, Guizhou Province, China. Following morpho-phylogenetic studies it was found to be a new species and is described as Ophiocordyceps tettigonia sp. nov. It differs from similar Ophiocordyceps species in having a unique host insect, and wide secondary ascospores. Combined sequence data from the ITS, SSU, TEF, and RPB1 gene loci also confirmed the distinctiveness of this new species.
Introduction
Cordyceps sensu lato is one of the most important genera of invertebrate pathogens (Hywel-Jones 2001) with more than 540 epithets (Index Fungorum, 2016) . The genus Cordyceps Fr. (Clavicipitaceae, Hypocreales, Ascomycota) has been recently divided and placed into three families and more than six genera-Polycephalomyces Kobayasi (Ophiocordycipitaceae G.H. Sung et al.) (Kepler et al. 2013) , Tyrannicordyceps Kepler & Spatafora (Clavicipitaceae Earle) (Kepler et al. 2012b ), Metacordyceps G.H. Sung et al. (Clavicipitaceae) , Tolypocladium W. Gams (formerly Elaphocordyceps G.H. Sung & Spatafora, Ophiocordycipitaceae) (Quandt et al. 2014) , Ophiocordyceps Petch (Ophiocordycipitaceae) and Cordyceps (Cordycipitaceae Kreisel ex G.H. Sung et al.) (Sung et al. 2007a) . Most species in Cordyceps sensu lato are pathogenic on insects and spiders, although a few grow on species of Elaphomyces Nees (soil fungi). More than 240 Cordyceps species have been placed into these six genera, but about half of Cordyceps sensu lato species need to be restudied and re-arranged (Sung et al. 2007a ). Sung et al. (2007a) suggested that there are 153 Ophiocordyceps species. There are 166 epithets assigned to Ophiocordyceps in Index Fungorum (2016) . Many Cordyceps species such as C. militaris (L.) Fr., C. bassiana Z.Z. Li et al., Isaria cicada Miq. and O. sinensis (Berk.) G.H. Sung et al. are used in traditional medicines in China, Japan, Korea and other east Asian countries (Mortimer et al. 2012) .
Chishui Danxia is a natural world heritage site in Guizhou Province, south China. This is a special karst landform preserving rare plants since the Jurassic. (Liang 2007) .
In this study, a new species, Ophiocordyceps tettigonia, was found parasitizing an adult of a Tettigonia species collected from soil in Chishui Danxia natural world heritage site. This species is morphologically distinct from all other Cordyceps sensu lato species and a combined multi-gene analysis also showed it to differ from species of Ophiocordyceps.
Material and methods

Specimens and host
The collections were made in the Chishui Danxia natural world heritage site in June 2014. Specimens were stored in plastic containers at low temperature and transported to the laboratory for identification.
Morphological studies
Fungal fruiting bodies were examined using an Olympus stereo dissecting microscope (Olympus Optec Instrument Co., Japan). Hand sections of the fruiting structures were mounted in water for microscopic studies and photomicrography. The micro-characters of the fungus were examined using an Olympus CX31 compound microscope and photographed (Wen et al. 2013 (Wen et al. , 2014 . Dried material is deposited in the herbarium of Guizhou University. Facesoffungi numbers and Index Fungorum numbers are provided as detailed in Jayasiri et al. (2015) and Index Fungorum (2016) .
DNA extraction, PCR amplification and determination of DNA sequences
The total genomic DNA was extracted from the rear segment of the host of dried specimens using E.Z.N.A. TM Fungal DNA MiniKit (Omega Biotech, CA, USA) according to the manufacturer's protocols and the extracted DNA was stored at -20 °C. The internal transcribed spacer region of ribosomal DNA (ITS1-5.8S-ITS2), the small subunits of the rDNA (SSU) and two protein genes the transcription elongation factor-1α (TEF), and the first largest subunits of RNA polymerase II (RPB1) loci were amplified and sequenced (Sung et al. 2007b ).
The PCR amplification and sequencing of ITS were conducted as described in White et al. (1990) . The ITS was amplified and sequenced with the primers ITS4 (5'-TCCTCCGCTTATTGATATGC-3') and ITS5 (5'-GGAAGTAAAAGTCGTAACAAGG-3') (White et al. 1990 ). The PCR amplification and sequencing of SSU were conducted as described in Sung et al. (2007b) . The SSU was amplified and sequenced with the primers NS1 (5'-GTAGTCATATGCTTGTCTC-3') and NS4 (5'-CTTCCGTCAATTCCTTTAAG-3') (White et al. 1990 ). In the amplification of TEF and RPB1, we followed Sung et al. (2007b) and Castlebury et al. (2004) . For the amplification of TEF, the primers 983F (5'-GCYCCYGGHCAYCGTGAYTTYAT-3') and 2218R (5'-ATGACACCRACRGCRACRGTYTG-3') (Rehner & Buckley 2005) were used. For RPB1, the primers CRPB1A (5'-CAYCCWGGYTTYATCAAGAA-3') and RPB1Cr (5'-CCNGCDATNTCRTTRTCCATRTA-3') (Castlebury et al. 2004) were used in PCR amplification and sequencing procedure.
All PCR products were sequenced by Life Biotechnology Co., Shanghai, China.
Sequence alignment and phylogenetic analysis
Blast searches were made to reveal the closest matches in GenBank for phylogenetic analysis. The taxa information and GenBank accession numbers used in the molecular analysis are listed in Table 1 . The four gene datasets (ITS, SSU, TEF and RPB1) from the Ophiocordyceps species, plus datasets obtained from GenBank were aligned using MEGA5.05 (Tamura et al. 2011) . Alignments were manually adjusted to allow maximum sequence similarity. Gaps were treated as missing data. Unweighted maximium parsimony (MP) analysis was performed using PAUP* 4.0b10 (Swofford 2002) . Trees were inferred using the heuristic search option with TBR branch swapping and 1,000 random sequence additions. Maxtrees were 5,000, branches of zero length were collapsed and all multiple parsimonious trees were saved. Clade stability of the trees resulting from the parsimony analyses were assessed by bootstrap analysis with 1,000 replicates, each with ten replicates of random stepwise addition of taxa (Felsenstein 1985) . Trees were viewed in Treeview and exported to graphics programs (Page 1996) .
Results
Phylogenetic analyses
The partition homogeneity test (P = 0.01) suggested that the individual gene partitions were not highly incongruent (Farris et al. 1994 , Cunningham 1997 ). The combined datasets comprised 3,507 characters after alignment (ITS 698 characters, SSU 1346 characters, TEF 852 characters, RPB1 611 characters), of which 1,048 characters were parsimony-informative, 2,051 constant, and 408 parsimony-uninformative. Parsimony analysis generated 5,000 trees; SH test verified that they were similar, one of which (tree length = 4,628 steps, CI = 0.493, RI = 0.650, RC = 0.320, HI = 0.507) and the most parsimonious tree is shown in Fig. 1 .
The data set comprises 27 species (Fig. 1) including the new species Ophiocordyceps tettigonia, which formed a separate clade from other species of Ophiocordyceps with strong bootstrap support (100%); thus the new species is introduced. 
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...Continued on next page . gracilis (EF468750, EF468751) , and the maximal identities are 99%. For the RPB1 sequence (637 bp) of O. tettigonia (KT375441), it differs from any known sequences of Ophiocordyceps, A Blast search of GenBank reveals it is similar to O. gracilis (EF468858, EF468859), and the maximal identities are 98% and 99%, respectively. Combined sequence phylogeny from the ITS, SSU, TEF and RPB1 gene-loci also confirmed the distinctiveness of the new species.
Taxonomy
Ophiocordyceps tettigonia T.C. Wen, Y.P. Xiao & K. D. Hyde, sp. nov. (Fig. 2 ) Index Fungorum number: IF551451; Facesoffungi number: FoF01020.
Differs from related Ophiocordyceps species mainly by its unique host, and wide secondary ascospores. Parasitic on an adult of Tettigonia. Host covered with white, dense mycelium, substratum buried in the soil, red to red-brown. Sexual morph: Stromata 35-40 mm long, 2-2.5 mm wide, growing from the head, with two branches. Stipe 32.5-37.5 mm long, 2 mm wide, flexuous, white. Fertile head 2-2.5 mm wide, globose, differentiated from stipe. Ascomata 520-680 × 205-275 μm ( x = 599 × 242, n = 30), completely immersed, elongated or ampuliform, with the ostioles opening on the surface of the head. Peridium 22.8-35.0 μm ( x = 28.9, n = 30) wide, comprised of three layers. Asci 530-615 × 6.5-9.3 μm ( x = 573.3 × 7.9, n = 30), 8-spored, hyaline, cylindrical, possessing a prominent apical cap. Apical cap 3.9-4.8 μm wide ( x = 4.35, n = 30) . Ascospores 350-465 × 1.5-2.2 μm ( x = 407 × 1.8, n = 60), fasciculate, thread-like, slender and long, breaking into secondary ascospores when mature. Secondary ascospores 6.7-9.4 × 1.5-2.3 μm ( x = 8.1 × 1.9, n = 60), hyaline, cylindrical. Asexual morph: Undetermined.
Etymology:-Refers to the unique host insect, Tettigonia. Distribution:-Chishui City, Guizhou Province, China. Host:-On adult of Tettigonia living in the soil. 
Discussion
Ophiocordyceps tettigonia is distinctive in that it is associated with a unique host (Tettigonia adult), and it has wider secondary ascospores than related species. There are about six Ophiocordyceps species with round fertile part ( They also differ considerably in size of asci and ascospores (Kobayasi 1983) . Ophiocordyceps tettigonia is similar to O. gracilis, but asci of O. tettigonia are longer and wider than those of O. gracilis, and secondary ascospores of O. tettigonia are much wider than in O. gracilis (Brady 1984) (Table 2) . Ophiocordyceps gracilioides is similar to O. gracilis in its appearance, but their host insect is different, and secondary ascospores of O. gracilioides are much shorter than in O. gracilis (Fan et al. 2001) (Table 2) . Combined sequence data from the ITS, SSU, TEF, and RPB1 gene loci also confirmed the distinctiveness of the new species. This is the fourth new species of Cordyceps sensu lato from Chishui Danxia natural world heritage site, China, and further studies are likely to reveal other new species because of the special karst landform dating from Jurassic times.
